The location of the origin of the posterior inferior cerebellar artery (PICA) is highly variable. An extracranial-extradural origin from the vertebral artery (VA) is not rare. [5, 18, 21, 23, 28] The anatomy of the PICA with an intradural origin has been well described, but a detailed description of the PICA that originates extradurally is lacking. The PICA with an extradural origin may be encountered during a lateral suboccipital, far-lateral, or upper cervical approach. Vertebral artery dissections tend to originate extradurally and may pose a greater risk to the PICA and of brainstem infarction when the PICA origin is extradural. [6, 13] In this paper we examine the microsurgical anatomy of paired PICAs with an extradural origin. Authors of earlier reports have focused largely on the relationship between the origin of the PICA and the dura. In our report we also examine the relationship between the PICA with an extradural origin and the adjacent structures encountered in the operative approaches to the region and adjacent posterior meningeal and posterior spinal arteries. The effect of the extradural origin on the different segments of the PICA is also reviewed.
MATERIALS AND METHODS
One formalin-fixed adult head, in which bilateral extradural PICA origins were found, provided the material for examination. Blood clots were removed from the vessels by perfusion with water after which the arteries were injected with red latex and the veins with blue latex. Magnifications ranging from X 3 to X 20 facilitated the dissection and measurements.
RESULTS

Vertebral Artery Relationships
The VA has four segments. The first segment originates as the first branch of the subclavian artery and courses upward and backward toward the C-6 transverse process. The second segment begins where the VA enters the transverse foramen of C-6 and continues vertically to the transverse foramen of the axis. From there it runs laterally and upward to the transverse foramen of the atlas. [11] The third segment, the segment from which a PICA with an extradural origin usually arises, begins as the VA exits the transverse foramen of C-1 on the medial side of the lateral rectus muscle of the head. This segment runs horizontally and medially above the posterior arch of C-1 and passes beneath the posterior atlantooccipital membrane before turning upward and anteriorly to reach the site of dural penetration, where the dura thickens to form a fibrous dural ring around the artery. [7] The third segment is covered by the semispinal muscle of the head and courses within the depths of the suboccipital triangle formed by the borders of the greater posterior rectus muscle of the head and the superior and inferior oblique muscles (Fig. 1 ). [7, 11, 14] The fourth and final segment is located inside the dura within the subarachnoid space. Fig. 1 . Photograph showing that the terminal extradural segment of the VA, the segment from which a PICA with an extradural origin arises, is located in the depths of the suboccipital triangle. The left suboccipital triangle has been exposed by reflecting the sternocleidomastoid and splenius and longissimus capitis muscles. The triangle is bordered by three muscles: the inferior oblique below, the superior oblique above, and the greater posterior rectus muscle of the head (Rectus. Cap.) medially. The segment of the left VA within the triangle is covered by the cervical and vertebral venous plexus. The segment of the VA, ascending between C-1 and C-2, is exposed below the inferior oblique muscle and the greater occipital nerve. The VA is inclined laterally as it ascends between the C-2 and C-1 transverse processes. A = artery; Gr. = greater; Inf. = inferior; M = muscle; Maj. = major; N = nerve; Post. = posterior; Suboccip. = suboccipital; Sup. = superior; Transv. = transverse.
Origin and Extradural Course
The PICA, defined as the cerebellar artery arising from the VA, was present bilaterally in this specimen (Fig. 2) . [18] The PICAs arose from the VAs after the latter had crossed above the posterior arch of C-1 at the point at which the VAs turned upward and anteriorly to penetrate the dura. The right PICA arose 7 mm proximal to the dural ring (Fig. 3 left) . The VA at that point was 5.5 mm in diameter and the PICA diameter at the origin was 2.5 mm. Its origin corresponded to a position 8 mm inferior to the foramen magnum. The left PICA arose 6 mm proximal to the dural ring ( Fig. 3 right) . The left PICA penetrates the dura medial to the atlantooccipital joint and has no extradural branches. The PICA shares the site of dural penetration with the VA and the C-1 nerve root. After penetrating the dura, the PICA loops caudally to the level of the C-2 dorsal root. A = artery; N. = nerve; Post. = posterior.
At the PICA origin, the VA was 5 mm and the PICA was 2.2 mm in diameter. Its origin was 6 mm inferior to the foramen magnum. These measurements are within previously reported ranges. [18] Both PICAs arose from the posterior surface of the VAs, superior to the C-1 nerve roots and below the medial edge of the atlantooccipital joints (Figs. 2 and 4) . The most common extradural PICA origin is on the lateral or posterior wall of the VA. [11, 18] Fig. 4 . Upper: The brainstem, the intradural segment of the VA and PICA, and the left dorsal quadrant of the cervical cord have been removed to show the relationship of the VA, dentate ligament, ventral rootlets of C-1, and the accessory rootlets to the extradural and initial intradural segment of the PICAs. The VA passes in front of the accessory nerve and the upper attachment of the dentate ligament. The initial intradural segment of the PICA passes behind the dentate ligament and in front of the accessory nerve. The posterior meningeal artery arises below the atlantooccipital joint, after the VA has ascended through the transverse foramen of C-1. A = artery; atlanto-occip. = atlantooccipital; Post. Men. = posterior meningeal. Lower: Posterior view of the foramen magnum and VAs. A PICA with an extradural origin may arise just outside the dura (A), farther laterally above the transverse foramen of the atlas (B), or at the point at which the VA ascends between the transverse foramina of C-2 and C-1 (C). The typical origin is intradural (D).
Extradurally, the PICAs coursed parallel to the VAs with the PICAs and VAs remaining in contact prior to reaching the site of dural penetration. There were no extradural PICA branches on either side. The PICAs passed beneath the posterior atlantooccipital membrane with the VAs before entering the dura. On the left side, the posterior meningeal artery originated from the VA 15 mm proximal to the dural ring and was 0.8 mm in diameter (Fig. 2 lower) . On the right side, the posterior meningeal artery was not observed to arise from either the PICA or the VA, making it likely that the occipital artery supplied the dura in this area. [28] Muscular branches ranging from 0.2 to 0.4 mm in diameter arose from the horizontal portion of V 3 . No muscular branches arose from the extradural portion of the PICA.
Intradural Course
The PICAs, VAs, and C-1 nerve roots passed through the dura together on both sides, with the C-1 nerve being the most dorsal and caudal. The PICAs pierced the dura on the posterior aspect of the VAs, above and anterior to the C-1 nerves (Figs. 2 lower, 3, and 4 upper) . The accessory nerve passed dorsally and the dentate ligament ventrally with respect to the initial intradural segment of the PICA, and the dentate ligament separated the initial intradural segment of the VA and PICA on both sides (Figs. 3 and 4 
upper).
Once intradural, the right and left PICAs became less symmetrical. The initial intradural portion of the PICAs had two branches on the right side and three on the left, all terminating on the lateral and posterior aspect of the upper spinal cord and medulla oblongata (Figs. 2 lower and 3) . The first of these branches was the posterior spinal artery, which arose below the level of the foramen magnum on each side and passed to the posterolateral surface of the spinal cord, where it gave rise to ascending and descending branches that coursed along the dorsal root entry zone. The largest of these branches was on the left, had a caliber of 0.5 mm at its origin, and terminated along the medial edge of the dorsal roots (Figs. 2 lower and 3 right). The anterior medulla oblongata derived the majority of its arterial supply from the VAs without a contribution from the PICAs. Both PICAs arose caudal and coursed dorsal to the inferior olive, rather than following the more typical pattern seen in PICAs having an intradural origin, in which the PICAs arise at the level of, and course beside, the inferior olive. Both arteries entered the dura at a level that corresponded to the lateral medullary segment of the PICA. Neither PICA had an anterior medullary segment. [18] Both PICAs reached the posterior surface of the medulla oblongata by passing between the rootlets of the spinal accessory nerve (Figs. 2 lower, 3, 4 upper, and 5) . The lateral medullary segment of the PICA ended and the tonsillomedullary segment began as the arteries passed dorsal to the rootlets of the accessory nerve. The tonsillomedullary segment coursed around the lower pole of the tonsil, turned upward along the anteromedial aspect of the tonsil, and ended midway between the upper and lower poles of the tonsil and behind the inferior half of the roof of the fourth ventricle. [9, 20, 21] The right tonsillomedullary segment was the site of a caudal loop [18] that dipped to the level of the foramen magnum 7 mm below the lower pole of the tonsil. The left PICA pursued a complex tortuous course, descending to form a caudal loop behind the left C-2 dorsal root, 17 mm below the foramen magnum, before passing upward and crossing in front of the left tonsil to reach the area behind the roof of the fourth ventricle (Figs. 2 lower and 3 right) . Contrary to prior reports, the caudal loop is of little predictive value in assessing the position of the cerebellar tonsils and their relationship to the foramen magnum. [9, 18, 21] On the right side, the caudal loop was located directly below the cerebellar tonsil; however, on the left side it was located behind the C-2 dorsal root lateral to the area below the left tonsil. In a series of 42 PICAs examined by Lister, et al., [18] the caudal limit of this segment was located at the caudal pole of the tonsil in 11 PICAs, inferior to the caudal pole in eight, and superior to the caudal pole in 23 PICAs.
The next segment, the telovelotonsilar segment, began at the midlevel of the cerebellar tonsil and behind the inferior half of the roof of the fourth ventricle. This segment ended where the PICA exited the telovelotonsillar fissure located at the point at which the tela choroidea and inferior medullary velum, which form the lower half of the roof of the fourth ventricle, wrap around the upper pole of the tonsil. This segment formed a rostrally convex cranial loop around the upper pole of the tonsil on both sides. The ascending proximal limb of this loop ascended to the level of the fastigium of the fourth ventricle on both sides before turning downward. The distal descending limb proceeded posteriorly in the telovelotonsilar fissure (Fig. 5 ). Both PICAs gave rise to branches to the tela choroidea and the choroid plexus as expected. [10] The cortical segment of the PICAs began at their exit from the telovelotonsilar fissure, where they gave rise to medial and lateral trunks that supplied the vermis and hemispheres.
DISCUSSION
The PICA has a highly variable origin. Authors of the two prior studies of PICA origin did not give a detailed account of an extradural origin. [18, 21] The relative frequency of an extradural origin has led to its incidental identification in association with other conditions such as aneurysms; however, such reports have not dealt with anatomical considerations that are important to surgery. When defined as the cerebellar artery arising from the VA, the absence of PICAs is reported in 2 to 26% of cases. [10, 18 ] The PICA's most common point of origin is approximately 16 or 17 mm proximal to the vertebrobasilar junction, but many variations exist (Fig. 4 lower) . [18] Duplicate PICAs, a VA termination at the PICA, extradural origins at the C-1 and C-2 levels, origins at the hypoglossal, proatlantal, or posterior meningeal arteries, and at all points along the intradural VA are among the variations reported. [1, 17, 19, 21, 22, 28] Bilateral extradural origins at the C-1 level, as reported here, also were described in one other report. [17] Padget [24] and Lasjaunias and colleagues [16, 17] reviewed the embryology of the many reported variations.
Knowing the configuration of an extradural origin for the PICA is important for several reasons. The occurrence rate of 5 to 20% in all PICAs make it a common variation, exposing this vessel to injury during posterior approaches to the upper cervical spine and lower brainstem and during exposure of the VA. [21, 23] Although extradural PICAs do not send perforating branches to the anterior surface of the medulla oblongata, they still make an important contribution to the brainstem by supplying the lateral and posterior medulla. Aneurysms of the PICA origin may be missed with a single contralateral VA angiogram if the contrast agent does not reflux to fill a proximal PICA origin. [15, 28] The exposure of the region has been described by many investigators. [2, 3, 5, 12, 14, 15, 26, 27] Safely exposing this variant requires a knowledge of the relationship between the extradural PICA origin and the atlantooccipital joint, suboccipital triangle, and transverse process of C-1. The muscular, posterior meningeal, and posterior spinal branches of the V 3 segment should not be mistaken for an extradural PICA. [9, 23, 25] Careful examination of angiographic studies of the PICA's course in relation to bone landmarks will aid in identifying an extradural origin. An extradural PICA origin should be suspected when the artery arises below the foramen magnum; however, this is not always indicative of an extradural origin because PICA origins located immediately inside the dura may also be seen below the level of the foramen magnum. Those PICAs arising outside the dura most commonly penetrate the dura between the atlas and the foramen magnum; however, there are several reports of extradural PICA origins at C-2 with the artery penetrating the dura between C-1 and C-2 (Fig. 4 lower) . [5, 27] Vertebral artery dissection, once believed to be rare but now more commonly recognized, most commonly begins on the extradural V 3 segment from which a PICA may arise. [7, 13, 24, 29] Often the dissection will progress to the dural ring and then stop, which and may lead to a Wallenberg or lateral medullary syndrome. [8] Progression beyond the dural ring places the patient at risk for subarachnoid hemorrhage.
